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7KHFKDOOHQJHLVWRFRPSDUHDOOVHFWRUVRIWKHELRHFRQRP\XQGHUWKHVDPHWHUPVEXWDWWKHVDPHWLPHWRFDSWXUH
WKHGLYHUVLW\RI WKHVHVHFWRUV$W WKHVDPH WLPHQRWRQO\ WKHFRPSDULVRQ LWVHOI LVYLWDOEXWPRUH WKHHIILFLHQF\RI
WKRVHVHFWRUV7KHUHIRUH WRPDNHD IDLUFRPSDULVRQ WZR LQGLFDWRUVDUHXVHG LQ WKLV VWXG\FDSLWDOSURGXFWLYLW\DQG
ODERXUSURGXFWLYLW\E\XVLQJPRGLILHG&REE'RXJODVSURGXFWLRQIXQFWLRQ7KH&REE'RXJODVSURGXFWLRQIXQFWLRQ
ZDVXVHGEHIRUHWRHYDOXDWHWKHHIILFLHQF\RIIRRGLQGXVWU\>@WRDVVHVVWHFKQRORJLFDOSURJUHVV>@DQGWRIRUHFDVW
JUHHQKRXVHJDVHPLVVLRQV>@1HYHUWKHOHVVDFFRUGLQJWRWKHDXWKRUV¶NQRZOHGJHWKHUHDUHQRVWXGLHVGRQHRQWKH
RYHUDOOHIILFLHQF\RIWKHELRHFRQRP\XVLQJWKHSUHVHQWHGPHWKRGRORJ\7KHUHIRUHWKHPDLQDLPRIWKLVVWXG\LVWR
SUHVHQWWKHPHWKRGRORJ\DQGDSSO\WKLVPHWKRGRORJ\IRUDFDVHVWXG\RQELRHFRQRP\LQ/DWYLD$VDUHVXOWRIWKH
VWXG\WKHHIILFLHQF\RIWKHELRHFRQRP\ZLOOEHDVVHVVHG7KHREWDLQHGLQVLJKWZLOOEHXVHGIRUIXUWKHUUHVHDUFK7KH
PHWKRGXVHGFDQEHDSSOLHGWRVWXG\RWKHUFRXQWULHVDQGUHJLRQV
0DWHULDOVDQGPHWKRGV
7KH&REE'RXJODVSURGXFWLRQIXQFWLRQZDVXVHGWRGHWHUPLQHWKHHIILFLHQF\RIELRHFRQRP\VHFWRUVLQ/DWYLD>@
7KLVIXQFWLRQLVH[SUHVVHGDVWKHUDWLRRIWZRLQSXWSDUDPHWHUV±FDSLWDODQGODERXUVHH(T
DE KaLY   
ZKHUH
Y WRWDOSURGXFWLRQWKHYDOXHRIWKHSURGXFWVDQGVHUYLFHVLQD\HDU
L ODERXULQSXWQXPEHURISHUVRQVHPSOR\HGLQD\HDUKLVFDSLWDOLQSXWWKHYDOXHRIFDSLWDO
A WRWDOSURGXFWLYLW\IDFWRU
Į=ȕí1 RXWSXWHODVWLFLW\RIFDSLWDO
ȕ=Įí1 RXWSXWHODVWLFLW\RIODERXU

7KHSURGXFWLRQIXQFWLRQZDVPRGLILHGWRDFFRXQWIRUWKHHIILFLHQF\RIWKHVHWZRLQSXWVWKXVLQWURGXFLQJODERXU
SURGXFWLYLW\DQGFDSLWDOSURGXFWLYLW\VHH(T
    DE ccc VAKVALaVAY   
ZKHUH
VA YDOXHDGGHGJLYHQDVWKHYDOXHDGGHGRIWKHSURGXFWVDQGVHUYLFHVLQD\HDUWKXVL/VAGHILQHVODERXUSURGXFWLYLW\
K/VA FDSLWDOSURGXFWLYLW\
Y/VA SURGXFWLRQSURGXFWLYLW\

7KHJUDSKLFUHSUHVHQWDWLRQRIWKLVSURGXFWLRQIXQFWLRQLVDQLVRTXDQWVHH)LJ


)LJ(IILFLHQF\DQDO\VLVXVHGIRUWKHELRHFRQRP\XVLQJWKH&REE'RXJODVSURGXFWLRQIXQFWLRQ
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(TXDOHIILFLHQF\VHFWRUVDUHVSDFHGRQWKHVDPHLVRTXDQWVHH)LJXQGHUWKHDVVXPSWLRQWKDWWKHFDSLWDODQG
ODERXU DUH LQWHUFKDQJHDEOH YDULDEOHV ZKHUH WKH FDSLWDOLQWHQVLYH LQGXVWULHV DUH SODFHG RQ WKH ULJKW VLGH RI WKH
LVRTXDQW DQG WKH ODERXULQWHQVLYH LQGXVWULHV RQ WKH OHIW VLGH RI WKH VDPH LVRTXDQW *URZWK RI HIILFLHQF\ FDQ EH
YLVXDOL]HGZLWK WKHPRYHPHQWRI WKH LVRTXDQW WRZDUGV WKH D[LV ,Q WKLV FDVH WZRPDLQ VFHQDULRV DUH SRVVLEOH 
KLJKHUDGGHGYDOXHWHUPVALQ(TLVLQFUHDVLQJLVREWDLQHGZLWKWKHXVHRIWKHVDPHFDSLWDODQGRUODERXUIRUFH
 OHVVFDSLWDODQGRU ODERXUIRUFHWHUPKDQGRUL LQ(T LVGHFUHDVLQJ LVXVHG WRREWDLQ WKHVDPHDPRXQWRI
DGGHGYDOXH7KHFRPELQDWLRQVRIWKHVHWZRVFHQDULRVDUHDOVRSRVVLEOH6WDWLVWLFDOGDWDIRUWKHSHULRGRI
RQFDSLWDOSURGXFWLYLW\LQYHVWPHQWVDGGHGYDOXHODERXUSURGXFWLYLW\HPSOR\HHVDGGHGYDOXHDQGWXUQRYHUZDV
XVHGIRUWKHFDOFXODWLRQVLQWKLVVWXG\>@
5HVXOWVDQGGLVFXVVLRQ
7KHUHVXOWVRIWKH&REE'RXJODVSURGXFWLRQIXQFWLRQIRUELRHFRQRP\LQ/DWYLDDUHJLYHQLQ)LJ


)LJ&DSLWDODQGODERXUSURGXFWLYLW\IRUELRHFRQRP\VHFWRUVLQ/DWYLDLQWKHSHULRGIURPWRDQGDYHUDJHWXUQRYHUPLOO(85JLYHQ
DVWKHFLUFOH

,Q )LJ  FLUFOHV $ ± DJULFXOWXUH IRUHVWU\ DQG ILVKHU\ %  PLQLQJ DQG TXDUU\LQJ & ± PDQXIDFWXULQJ ' 
HOHFWULFLW\JDVVWHDPDQGDLUFRQGLWLRQLQJVXSSO\(ZDWHUVXSSO\VHZHUDJHZDVWHPDQDJHPHQWDQGUHPHGLDWLRQ
DFWLYLWLHV ) ± FRQVWUXFWLRQ * ZKROHVDOH DQG UHWDLO WUDGH UHSDLU RI PRWRU YHKLFOHV DQG PRWRUF\FOHV + 
WUDQVSRUWDWLRQDQGVWRUDJH,DFFRPPRGDWLRQDQGIRRGVHUYLFHDFWLYLWLHV- LQIRUPDWLRQDQGFRPPXQLFDWLRQ.
ILQDQFLDODQGLQVXUDQFHDFWLYLWLHV/UHDOHVWDWHDFWLYLWLHV0SURIHVVLRQDOVFLHQWLILFDQGWHFKQLFDODFWLYLWLHV1
DGPLQLVWUDWLYHDQGVXSSRUWVHUYLFHDFWLYLWLHV2±SXEOLFDGPLQLVWUDWLRQDQGSURWHFWLRQFRPSXOVRU\VRFLDOLQVXUDQFH
3±HGXFDWLRQ4±KHDOWKDQGVRFLDOFDUH5±DUWHQWHUWDLQPHQWDQGUHFUHDWLRQ>@
7KHUHVXOWVVKRZWKDWQRQHRIWKHELRHFRQRP\VHFWRUVLQ/DWYLDLQGLFDWHKLJKHULQYHVWPHQWDQGODERXULQWHQVLW\
VLPXOWDQHRXVO\+RZHYHUYDULRXVVHFWRUVKDYHGLIIHUHQWHIILFLHQFLHVDQGWKHUHLVQRWDFOHDUWUHQGRIWKHPDMRULW\RI
WKHLQGXVWULHVEHLQJODERXURUFDSLWDOLQWHQVLYH
,W VKRXOG EH QRWHG WKDW WKH VHFWRU FODVVLILFDWLRQ DV ODERXU RU FDSLWDO LQWHQVLYH GHSHQGV DOVR RQ WKH VHFWRU IRU
H[DPSOH LQ EDNHULHV FHUWDLQ ODERXU LQWHQVLYH DFWLYLWLHV DUH D SDUW RI WUDGLWLRQDO FRRNLQJPHWKRGV DQG FDQQRW EH
PRGHUQL]HG ,Q VRPH RWKHU VHFWRUV KLJK ODERXU LQWHQVLW\ FDQ EH H[SODLQHG ZLWK HFRQRPLF UHDVRQV ZKHUH
PRGHUQL]DWLRQLVQRWDVSURILWDEOHDVKLULQJPRUHHPSOR\HHV
2QHRIWKHPRVWODERXULQWHQVLYHVHFWRUVLVDFFRPPRGDWLRQDQGIRRGVHUYLFHDFWLYLWLHVZKHUHWKHUHSODFHPHQWRI
PDQSRZHUZLWKWHFKQRORJ\LVUHVWULFWHG
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7KH UHVXOWVRI WKH/DWYLDQHFRQRP\VHFWRU HIILFLHQF\DQDO\VLV VKRZ WKHKLJKHVW WXUQRYHU LV LQ WKHZKROHVDOH DQG
UHWDLO WUDGH VHFWRU ZKLFK LV ODERXU LQWHQVLYH EXW KDV D ORZ FDSLWDO SURGXFWLYLW\ 1H[W EDVHG RQ WXUQRYHU IROORZV
PDQXIDFWXULQJ7KLVGHPRQVWUDWHVWKDWWKHWHQGHQF\RIµEX\ORZ	VHOOKLJK¶H[FHHGVWKHSURGXFWLRQRIJRRGVLQ/DWYLD
$WWKHPRPHQWPDQXIDFWXULQJLQ/DWYLDFDQEHGHVFULEHGDVDODERXULQWHQVLYHLQGXVWU\ZLWKDORZOHYHORIFDSLWDO
LQYHVWPHQWVWKLVUHVXOWVLQSURGXFWVZLWKDJHQHUDOO\ORZRUPHGLXPOHYHORIDGGHGYDOXH2QWKHRWKHUVLGHLIODUJHU
LQYHVWPHQWVLQWHFKQRORJ\ZRXOGEHPDGHOHVVODERXUZRXOGEHUHTXLUHG7KLVLQWXUQZRXOGKDYHDQHJDWLYHHIIHFW
RQHPSOR\PHQWOHYHOVWKHUHIRUHLQIXUWKHUUHVHDUFKWKHELRHFRQRP\VKRXOGEHVWXGLHGDVDZKROH
$QRWKHU DVSHFW FRQFHUQV WKH FRPSHWLWLRQ IRU ELRUHVRXUFHV LQ WKH FDVH WKH SURGXFWLRQ RI KLJK DGGHG YDOXH
SURGXFWVJURZV>@7KXVZKHQWKHFKDQJHVLQRQHHOHPHQWRIWKHV\VWHPLVDFKLHYHGLWDIIHFWVWKHHQWLUHV\VWHPWKH
HOHPHQWVDUH LQWHUFRQQHFWHGDQGKDYHPXWXDO LPSDFW7KHVHG\QDPLFHIIHFWVKDYHEHHQVKRZQE\ WKH UHVHDUFKRI
/HKUHWDO>@LQDVWXG\RIHFRQRPLFLPSDFWRIUHQHZDEOHHQHUJ\H[SDQVLRQLQ*HUPDQ\E\WKHUHVHDUFKRI.DOQLQV
HWDO>@LQDVWXG\RIWUDQVLWLRQWRORZFDUERQHFRQRP\DQGLQUHVHDUFKRI%HORERURGNRHWDO>@LQDVWXG\RIWKH
GHYHORSPHQWRIDGYDQFHGZDVWHWRHQHUJ\FOXVWHUV
$VDVROXWLRQIRUWKLVDVSHFWDXWKRUVDUHSURSRVLQJWKHXVHRIE\SURGXFWVRUUHVLGXHVIURPWKHWUDGLWLRQDOVHFWRUV
IRUH[DPSOHFRQLIHURXVZRRGZDVWH>@WRPDNHKLJKDGGHGYDOXHSURGXFWVVXFKDVKHDWLQVXODWLRQPDWHULDO>@
WKXVDFKLHYLQJJUHDWHUVRFLDODQGHFRQRPLFEHQHILWVZKLOHUHGXFLQJWKHRYHUDOODPRXQWRIZDVWH
&RQFOXVLRQ
7KLV UHVHDUFKZDV GRQH WR DVVHVV WKH HIILFLHQF\ RI WKH ELRHFRQRP\ LQ /DWYLD 7KHPRGLILFDWLRQ RI WKH&REE
'RXJODV SURGXFWLRQ IXQFWLRQ LV XVHG DV WKH PHWKRGRORJ\ IRU DQDO\VLV RI WKH ELRHFRQRP\¶V HIILFLHQF\ 7KH
PHWKRGRORJ\SUHVHQWHGLQWKLVVWXG\FDQEHDSSOLHGIRURWKHUFDVHVWXGLHVDVZHOO
7KHUHVXOWVVKRZWKDWQRQHRIWKHELRHFRQRP\VHFWRUVLQ/DWYLDLQGLFDWHKLJKHULQYHVWPHQWDQGODERXULQWHQVLW\
VLPXOWDQHRXVO\+RZHYHUYDULRXVVHFWRUVKDYHGLIIHUHQWHIILFLHQFLHVDQGWKHUH LVQRFOHDU WUHQGRI WKHPDMRULW\RI
LQGXVWULHVEHLQJODERXURUFDSLWDOLQWHQVLYH
7KH WHQGHQF\ RI WKH µEX\ ORZ 	 VHOO KLJK¶ H[FHHGV WKH SURGXFWLRQ RI JRRGV LQ /DWYLD $W WKH PRPHQW
PDQXIDFWXULQJLQ/DWYLDFDQEHGHVFULEHGDVDODERXULQWHQVLYHLQGXVWU\ZLWKDORZOHYHORIFDSLWDOLQYHVWPHQWVWKDW
UHVXOWVLQSURGXFWVZLWKJHQHUDOO\ORZRUPHGLXPOHYHORIDGGHGYDOXH
7KH FKDQJH LQ RQH VHFWRU ZRXOG KDYH LPSDFW RQ WKH ZKROH ELRHFRQRP\ IRU H[DPSOH WKH LQYHVWPHQWV LQ
WHFKQRORJ\ZRXOGKDYHQHJDWLYHHIIHFWRQWKHHPSOR\PHQWOHYHOVDQGSURGXFWLRQRIQHZKLJKDGGHGYDOXHSURGXFWV
ZRXOGLQFUHDVHFRPSHWLWLRQIRUWKHELRUHVRXUFHV7KHUHIRUHLQIXUWKHUUHVHDUFKWKHGHYHORSPHQWRIWKHELRHFRQRP\
VKRXOGEHVWXGLHGDVWKHZKROHV\VWHP
$FNQRZOHGJHPHQWV
7KHDXWKRUVZRXOGOLNHWRWKDQN0V.ULVWD.ƺDYLƼDIRUKHUDVVLVWDQFHZLWKHDUO\YHUVLRQVRIWKLVSDSHU
7KHZRUNKDVEHHQVXSSRUWHGE\ WKH(XURSHDQ(FRQRPLF$UHD)LQDQFLDO0HFKDQLVPSURMHFW³'HYHORSPHQWRI
ELRHFRQRPLFDOPRGHO IRU VXVWDLQDEOHXVHRIELRORJLFDO UHVRXUFHV LQRUGHU WR UHGXFH FOLPDWH FKDQJHVDQG LPSURYH
DGDSWLRQFDSDFLW\%,2&/,0$7(´1R((=/9*6
5HIHUHQFHV
>@ %OXPEHUJD'0XL]QLHFH,%OXPEHUJD$%DUDQHQNR'%LRWHFKRQRP\IUDPHZRUNIRUELRHQHUJ\XVH(QHUJ\3URFHGLD>,Q3UHVV@
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